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Ball continua. Thus, resonant excitation of any absorption peak yields decays into many (Ball + photoelectron) channels, with intensities related to the composition of that particular 1 P 1 level. Resonance photoelectron spectroscopy, using a tunable-energy photon source, should therefore be capable of generating a whole new class of information about the electronic structure of each autoionizing state. In this Letter we report the first successful application of resonance photoelectron spectroscopy to this system, using synchrotron radiation to excite two selected absorption peaks, at 19.94 eV (621.7 and 21.48 eV (577.3 ) in Bal. Dramatically different intensity profiles were observed in the two photoelectron spectra, with the 5d and 6d
states in Ball being respectively preferred. This first result yields definitive information about the structures and decays of these two resonances, and indicates that resonance photoelectron spectroscopy should have general applicability in elucidating the electronic structure of many-electron systems.
A variable-energy photon source was provided by the 80 beam line at Stanford. Synchrotron Radiation Laboratory (SSRL), which, in conjunction with a 1570 R thick At window, passed radiation in the energy range 17 eV < hv < 34 eV. A high-temperature oven operated at 840 0 ± 20 0 C yielded Ba vapor in an effusive atomic beam at a particle density of 1o 13 3 cm. Irradiation with the photon beam yielded a counting rate -1 of 5-35 sec in a specially designed time-of-flight (TOF) electron analyzer oriented at the "magic angle," 0 = 5470 relative to the electric vector of the >97% polarized photon beam. 6 The TOF analyzer, described in detail elsewhere, 7 consisted ofa mu-metal shielded 28.5 cm drift tube, a microchannel plate, and a retarding grid which was operated at a 5-volt bias. The TOF analyzer utilized the unique pulse structure of the storage ring at SSRL (300 psec pulse duration (FWHM), 780 nsec repetition period) to obtain photoelectron spectra that were unaffected by fluctuations in synchrotron beam current and sample number density, with very high efficiency and excellent signal-to-noise ratios. All of these features were essential for the success of the experiment.
A total electron-yield spectrum of atomic barium between 700 and 490 R is shown in Fig is as yet unavailable. In fact, the spectra presented below show very dramatic intensity variations.
The resonance photoelectron spectra are shown in Fig. 3 . The resonances that were selected correspond to the first two members of the Rydberg series "d" in the notation of Connerade et al. 5 They assigned these peaks as f{5p5 5d; 3D)6s 2 D312 }5d] 1 (622.9 and 1{5p5 5d; 3D)6s 2 D312 }6d] 1 (577.1
We shall abbreviate these as fl5d) and (6d), respectively.
Both spectra in Fig. 3 have some contributions from direct photoemission. These can be separated out qualitatively, following the discussion below Eq. (2), which concluded that the direct process yields a strong 6s peak and weaker 6p and Sd peaks. The upper spectrum in Fig. 3 deviates strongly from this pattern in that the Sd peak is the highest peak in the spectrum; the same is true for the 6d peak in the lower panel. A simple interpretation of these results is that the (nd) states Auger-decay via the Coster-Kronig transition 5p 5 5d6s --5p6 + e, with the nd electron playing a "spectator" role. In fact this is only the most obvious one of several decay channels that participate in these transitions. For clarity and brevity we shall not attempt a more complete interpretation here, but this result serves to illustrate the value of the resonance photoemission method. We note that the (5d) resonance spectrum (upper panel, Fig. 3 ) is relatively free of extraneous peaks, in contrast to the fl6d) spectrum (lower panel).
This could be because the 0(5d) state is really simpler; more likely it is a consequence of exciting other resonances in the neighborhood of 577 A in the lower spectrum at the resolution of our experiment:
both the results of Connerade et al. 5 and the peak shapes in Fig. 1 would support this interpretation. The present results are consistent with arguments presented by 
